Soybean oil was esterified by glycerol (1:3) molar ratio to produce monoglycerides, and then reacted with phthalic anhydride at ratios 20%, 40% and 60% to produce polyester polyols denoted by PES20, PES40 and PES60. They were investigated by IR spectra and solubility in methanol. Diphenylmethane diisocyanate was reacted with these polyols at NCO/OH ratios 1.2, 1.4, 1.6 using toluene as a solvent to produce polyester-polyurethane coatings, which were characterized by IR spectra. The prepared coatings were characterized by flexibility, pencil hardness, impact resistance and chemical resistance. Good properties of the prepared coatings increase in the direction of increasing hard segments in the sample.
Introduction
Polyurethanes (PU) have found great applications in the coating industries because they posses wide range of mechanical strength, excellent abrasion resistance, toughness, and low temperature flexibility, chemical and corrosion resistance.
About 90% of the polyols currently used for the production of polyurethane are based on polyethers derived from ethylene and propylene oxides and in addition to these, there is a wide range of vegetable oils have been considered for the preparation of segmented polyurethane including sunflower and safflower, but mainly castor and soybean oils [1] .
Raw materials based on vegetable oils are important in our life because they have a number of excellent properties for producing valuable polymers such as polyurethane, alkyd, polyesteramide and epoxy resins. For example, castor [2] [3] [4] , soybean [5] [6] [7] , sunflower [8] , cashew and coconut [9] , Karanja [10] and amaranth [11] , have been used for synthesis of different kinds of polymeric materials.
Extensive research on the synthesis of vegetable polyols and characterization of their corresponding polyurethane has been carried out [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] .
Vegetable oils are composed of triglycerides of long chain fatty acids. The most common chain lengths in these fatty acids are 18 or 20 carbon atoms which can be either saturated or unsaturated, where unsaturation of the double bonds are located at the 9, 12 and 15 carbon.
The major unsaturated fatty acids in vegetable oils are oleic, C18:1; linoleic, C18:2; linolenic, and C18:3; where C18: a is the number of carbons and the number of unsaturated bonds, respectively.
Polyurethane materials created from vegetable oils such as cast resins and rigid foams have been in use for some time [17, [25] [26] [27] [28] [29] .
Few literatures studied soybean oil for synthesis of polyurethane coatings [30] [31] [32] .
In the present study, three different polyester polyols-containing different amounts of phthalic anhydride-based on the monoglycerides of soybean oil were employed. The obtained polyester polyols were reacted with diphenylmethane diisocyanate (MDI) in toluene as a solvent with different NCO/OH ratios to produce polyurethane coatings, dry at room temperature. The properties such as drying time, adhesion, pencil hardness, solvent rub test, corrosion and chemical properties were studied according to standard methods.
Experimental

Materials
Diphenylmethane diisocyanate (MDI) (Bayer AG), soybean oil, local source, glycerol phthalic anhydride (Fluka), toluene (local source), and (El-Nasr Co. for Pharmaceutical Chemicals, ADWIC). All other chemicals are of analytical grades (Aldrich).
Synthesis of soyoil modified polyester polyols (PES)
The calculated amounts of soybean oil and glycerol (1:3 by moles respectively) were charged into a three-necked flask fit-ted with a mechanical stirrer, a reflux condenser connected to a Dean & Stark tube and a thermometer. Continuous stirring was carried out at temperature 110°C for 1-2 h, and then the temperature was raised to 170°C for 4-5 h till the acid number reached 5 mg KOH/g at maximum. A clear and homogenous solution was obtained when the reaction mixture and methanol were mixed in the ratio of 1:3 indicating the formation of monoglycerides. Some properties of the soybean oil and monoglycerides are shown in Table 1 , and comparison of some cited vegetable polyols with the prepared polyols are shown in Table 2 .
After the formation of monoglycerides, the temperature was lowered to 110°C, and then 20% (w/w) of phthalic anhydride was added. The mixture was heated at 220-230°C for 10 h. The reaction was continued till the acid number decreased to 9 mg KOH/g; to give polyester polyol denoted by PES20. The IR spectrum for PES20 is shown in Fig. 1 . The experiment was repeated by adding 40% and 60% of phthalic anhydride and the product was denoted by PES40 and PES60.
The calculated quantities of the prepared polyols were reacted with calculated quantities of MDI in toluene as a solvent to produce polyurethane coatings. The IR spectra were carried out for PUS1, PUS4, PUS7 as shown in Figs. 2-4. The ingredients of reactions were indicated in Table 2 and the steps of reactions were shown in Schemes 1 and 2.
Measurements
1. Acid number and hydroxyl number were determined according to ASTM D1639-90 and ASTM D1957-90, respectively. 2. The viscosity of the polyols was measured using Ubbelhood viscometer (P121-Bilgum) at room temperature, (25°C). 3. Infrared spectra were obtained using Shimadzu FTIR analyzer, with a Mattson Infinity IR 960 spectrometer. 4. Gel permeation chromatography: The weight average molecular weight, M w was measured in a Waters 600E GPC unit equipped with a refractive index detector model Waters 2410. The flow of injection was 0.4 ml/min.
Coating properties
Application of the film
The samples were applied to mild steel panels with wide range 5-20 cm as the method stated in ASTM D4147-93 and cured at room temperature and lifted for testing process after passing 10 days.
Film thickness
All samples gave thickness ranging from 30 to 40 lm in dry case and from 40 to 50 lm in wet case.
Drying time
Drier combination containing cobalt octoate 0.05%, lead octoate 0.2% and calcium octoate 1% w/w were mixed well with the resin. The samples were applied onto the steel panels. The samples were studied for surface drying and hard drying times. At 25°C and relative humidity 40%.
Flexibility
The samples were applied onto plates were examined visually for cracks in the film.
It was measured by the conical mandrel (1/4 00 ) according to ASTM D522-939.
Adhesion
Adhesion was measured according to ASTM D3395-95a.
The samples were coated onto steel panels and cut into squares of 1 mm · 1 mm. Adhesive tape was applied to the cross cut area and firmly rubbed with a fingertip and removed after 12 min. The number of squares intact gives a measure of the adhesion of the coating. Synthesis and characterization of polyurethane coatings based on soybean oil-polyester polyols
Hardness
Hardness was conducted on the coated panels according to ASTM D3363-92.
Impact resistance
Impact resistance was measured using a falling weight type impact tester, according to ASTM D2794.
Corrosion resistance
It was carried out in acid (0.1 M HCl), alkali (0.1 M NaOH) and salt (5% NaCl).
Chemical resistance
Chemical resistance was carried out according to ASTM 1647-89. Glass coated panels were immersed in water, acid and alkali solutions. The panels were dipped in water, sulfuric acid (2% w/w) and sodium hydroxide solution (2% w/w). The coated films were examined in respect to visual appearance after passing 24h.
Solvent resistance
The solvent resistance was carried out according to ASTM D5402-93. A coated piece of cotton cloth was immersed into methyl ethyl ketone and acetone. The results reported were the maximum number of double rubs at which the film was detached from the surface.
Results and discussion
Properties of soyoil polyols and polyurethane
The preparation of soybean oil polyols, involved two steps of reactions: the first step is the reaction between soybean oil and glycerol to form monoglycerides. The molar ratio of glycerol to soybean oil was large so monoglycerides is the predominant component which is the important portion in alkyd industries.
The second step is the reaction between the monoglycerides and different percentages of phthalic anhydride (20%, 40%, 60%) so to obtain different types (long, medium, short) of alkyd resins polyols [31] . The steps of reactions are shown in Schemes 1 and 2. A comparison between the properties of these polyols with some other common polyols published in Refs. [25] was shown in Table 3 . The properties of these polyols were quite similar to each other.
IR spectra
IR spectra of the polyester polyol (PES20) and of polyurethane coating samples: PUS1, PUS4 and PUS7, were shown in Figs. 1-4, respectively.
In Fig. 1 , the stretching broad band at 3483-3365 cm À1 indicated the presence of free OH groups from the prepared polyester polyol. Two types of ester C‚O groups were observed at 1798 cm À1 and at 1721 cm À1 , indicated that the first (1798 cm À1 ) is due to the ester from monoglyceride portion, and the second is due to the ester from phthalic anhydride portion. Twin peak (C‚C) at 1636 and 15441721 cm À1 showed conjugation of ester C‚O (from phthalic portion) with the phenyl aromatic ring, showing the successful synthesis of alkyd polyester polyols. Figs. 2-4 showed the presence of strong NH bands in the range of 3421-34471721 cm À1, this is due to the NH stretching bands of urethane linkages, and this was consistent with the reaction between -NCO and -OH, showing the successful synthesis of polyurethane coatings.
Coating properties
Drying times and mechanical properties
The properties of the coatings were summarized in Table 4 Coatings from the highest quantities of phthalic anhydride gave the lowest drying time. Drying time: set-to-touch and dryhard are very dependent on hard segment in the sample (i.e. decrease with increasing in phthalic anhydride content (i.e. hard segment), While drying characteristics and film hardness improved as hydroxyl content of the polyol was increased [16] , i.e. in the direction of increasing hard segment (phthalic anhydride) in the sample.
Adhesion test achieves adherent strength of the cured film. A criss-cross pattern with five cuts in each direction was carried out. An adhesive tape was placed over the grid and removed in an angle close to 180°as possible. The grid area was inspected for removal of coating from the substrate. Poor adhesion is denoted by 65% detachment, while good adhesion is denoted by 0% detachment. All samples exhibited good adhesion to mild steel substrates and they were quite flexible, good impact resistance and hardness except PUS8 and PUS9, failed in impact resistance and flexibility. Generally, adhesion and pencil hardness increased with increasing hard segments from phthalic anhydride and NCO/OH [32] .
Solvent rub tests
Samples PU1-PU3 failed in all solvent rub tests. All samples were affected by methyl ethyl ketone only and showed deterioration in the rub test. Samples PU5-PU9 performed satisfactorily under solvent rub test and were unaffected in acetone and ethyl acetate. All these results of the solvent rub tests revealed that polyurethane coatings in this study have poor resistance to polar solvents and this may be due to the high portion of the softer segments coming from oil.
The samples with higher contents of phthalic anhydride passed the solvent rub tests more than with lower contents and generally, with increasing hard segment (phthalic anhydride and NCO/OH ratio), the sample will be more crosslinked and resist organic solvents effects.
Chemical and corrosion resistance
With respect to corrosion resistance, all samples were unaffected by water, while slight effect occur with NaCl 5% and 0.1 M HCl. High effect occur with 0.1 M NaOH. It was observed that, corrosion resistance increased with decreasing hard segment (i.e. phthalic anhydride and NCO/OH ratio) in the samples. All samples were affected by methyl ethyl ketone which causes complete detachment of the film but unaffected by xylene and this is may be due to the same reasons in the solvent rub test.
Conclusion
Polyurethane coatings could be prepared successfully from soybean oil polyols and MDI and cured by atmospheric moisture.
Drying times were lowered with increasing phthalic anhydride content in the samples.
The samples with phthalic anhydride 60% and containing NCO/OH 1.4 and 1.6, exhibited brittle characters and failed in flexibility and impact resistance tests.
As the NCO/OH ratio increased in each category of phthalic anhydride, the mechanical, physical and chemical properties and anticorrosive characters of the coatings improved.
